Abstract
Introduction
The emergence of multidrug-resistant gram-positive bacterial pathogens including Staphylococcus aureus, Staphylococcus epidermidis, Streptococcus pneumoniae, Enterococcus faecium and Enterococcus faecalis has resulted in significant challenges to effective therapy of diseases caused by these pathogens [1, 2] . These multidrugresistant gram-positive pathogens have become a serious problem in hospital and community settings, particularly in cases where treatment with glycopeptides has failed [3] . Parenteral vancomycin is the only major treatment option in many cases of methicillin-resistant S. aureus (MRSA) infections. However, the emergence of S. aureus strains with reduced suscpetibility to vancomycin in Japan, France and the United States is alarming, and may limit the efficacy and use of this agent in the health care community [4] [5] [6] [7] [8] . Linezolid (Zyvox TM ) is the first member of a structurally unique class of antimicrobial agents referred to as the oxazolidinones, approved by the United States Food and Drug Administration in April 2000, for the treatment of multidrug-resistant gram-positive bacterial infections [9] . Importantly, multidrug-resistant organisms such as methicillin-resistant staphylococci, and those with reduced susceptibility to vancomycin (minimum inhibitory concentration, MIC, 8 mg/l) [9] , penicillin-and macrolide-resistant pneumococci and vancomycin-resistant enterococci (VRE), appear to be fully susceptible to linezolid [10, 11] . Controlled, randomized clinical studies have documented the efficacy and safety of linezolid in treatment of hospital-and community-acquired pneumonia, uncomplicated and complicated skin and soft tissue infections and infections caused by VRE [10, 11] . Linezolid has almost 100% bioavailability, with the area under the plasma concentration curve being identical after oral or intravenous (i.v.) administration. This enables initial oral administration of linezolid in those patients who can absorb the drug normally and also enables an early step-down therapy from i.v. to oral dosing [11, 12] . Oxazolidinones act primarily against grampositive bacteria by inhibiting protein synthesis: binding sites have been found on both 30S and 50S ribosomal subunits, rRNA being the only target, although the involvement of 16S and 23S rRNA binding has been suggested [13] .
The activity of linezolid has been evaluated against gram-positive cocci isolated from hospitals in the UK [14] and North America [15, 16] . However, no such study has been conducted on clinical isolates from Kuwait and the Gulf region. Therefore, as part of our ongoing efforts to monitor incidence of multidrug-resistant gram-positive pathogens from Kuwait hospitals, we initiated this study to evaluate the comparative antimicrobial activities of linezolid and vancomycin against gram-positive clinical isolates from four hospitals in Kuwait. 
Materials and Methods

Bacterial Isolates
A total of 151 clinical isolates of gram-positive pathogenic bacteria, collected between 1994 and 1999 from four hospital (Al-Mubarak, Adan, Amiri and Ibn Sina) in Kuwait, were utilized for this study. The organisms were isolated from different clinical samples including throat and wound swabs, urine and blood. Isolates consisted of 40 MRSA, 10 methicillin-susceptible S. aureus (MSSA), 40 methicillin-resistant coagulase-negative staphylococci (MR-CNS), 10 methicillin-sensitive coagulase-negative staphylococci (MS-CNS), 21 penicillin-resistant S. pneumoniae (PRSP), and 30 enterococcal strains. The enterococcal strains consisted of 20 vancomycin-susceptible enterococci (VSE), 5 vancomycin-intermediate resistant enterococci (VIRE), and 5 VRE. The isolates were stored at -80°C in 10% (w/v) skim milk until required. The S. aureus strains were selected based on their resistance phenotypes and patterns generated after pulse field gel electrophoresis. Coagulase-negative staphylococcal strains were selected based on differences in their resistance phenotypes.
The enterococcal and streptococcal strains were identified based on cultural characteristics, results of catalase and coagulase tests, optochin sensitivity, bile esculin and biochemical profiles using API staph and API strept (bioMérieux, Marcy-l'Etole, France).
Antibiotic Susceptibility Testing
Minimum Inhibitory Concentration. The MIC of linezolid and vancomycin against S. aureus, coagulase-negative staphylococci and enterococci was determined by the agar dilution method as described previously [17] . Linezolid (Zyvox) was provided by Pharmacia Corp. (Kalamazoo, Mich., USA) while vancomycin was purchased from Sigma Chemical Company (St. Louis, Mo., USA). The MICs of linezolid against S. pneumoniae were determined by the agar dilution method on Mueller-Hinton agar supplemented with 5% v/v sheep blood. The MIC of vancomycin against S. pneumoniae was determined with E-test strips (AB Biodisk, Solna, Sweden). Linezolid solution was prepared according to the method provided by the manufacturer (Pharmacia Corp.). Bacterial suspensions in tryptic soy broth were distributed in wells of a multipoint inoculator, which was used to spot approximately 10 6 CFU per spot onto Mueller-Hinton agar plates containing dilutions of antibiotics ranging from 0.25 to 
One VRE strain showed MIC of 1,024 mg/l.
512 mg/l. The plates were incubated at 35°C for 24 h. The MIC was defined as the lowest concentration of antibiotic that completely inhibited growth of bacteria after 24-hour incubation at 35°C. Disk Diffusion Susceptibility Testing. The isolates were also tested for susceptibility to other antibacterial agents by the disk diffusion method. Methicillin resistance was detected on Mueller-Hinton agar supplemented with 2% NaCl and incubated at 35°C for 24 h. Susceptibility testing for S. pneumoniae was performed on Mueller-Hinton agar supplemented with 5% sheep blood. Penicillin resistance in S. pneumoniae was screened with oxacillin disks (1 Ìg) and confirmed by determining MICs to penicillin with E-test strips (AB Biodisk). High-level resistance to gentamicin in enterococci was tested with disks containing 120 Ìg of gentamicin.
Results
Susceptibility of Linezolid Vancomycin
The 151 gram-positive clinical isolates were evaluated for their comparative susceptibilities to linezolid and vancomycin. The MIC values are summarized in tables 1 and 2. Both antibiotics demonstrated comparable antimicrobial activity against both the sensitive and resistant clinical isolates of staphylococci. The MIC ranges of 1-4 and 0.5-1 mg/l were observed for linezolid and vancomycin, respectively, against all MR-CNS strains tested. Eightythree percent and 93% of the MR-CNS showed comparable MICs of 1 mg/ml for linezolid and vancomycin, respectively. With linezolid, 15% of the MRSA strains showed MIC ranges of 0.5-1 mg/l, while more than 80% of the MRSA strains demonstrated MIC ranges of 2-4 mg/l. Vancomycin demonstrated an MIC range of 0.5-4 mg/l against MRSA, with a total of about 27 and 73% falling within the MIC ranges of 0.5-1 and 2-4 mg/l, respectively. All PRSP isolates were equally susceptible to vancomycin and linezolid with MICs in the narrow ranges of 0.25-0.5 and 0.5-1 mg/l, respectively.
Linezolid was found to be highly effective against all clinical isolates of enterococci, with MICs in the range of 1-2 mg/l, while the MICs of vancomycin against VIRE (8 mg/l) and VRE (6512 mg/l) were found to be much higher.
Resistance to Antimicrobial Agents
A total of 151 gram-positive clinical isolates consisting of 40 MRSA, 10 MSSA, 40 MR-CNS, 10 MS-CNS, 20 VSE, 5 VIRE, 5 VRE and 21 PRSP were evaluated for their susceptibilities to a number of selected antibiotics including ciprofloxacin, vancomycin, teicoplanin and ß-lactams. The isolates were selected to reflect a wide array of susceptibility patterns. The results of testing the antimicrobial activities of different antibiotics against the clinical isolates indicated that all of the MRSA isolates were resistant to penicillin G. However, 95, 85 and 80% of them were resistant to gentamicin and tetracycline, erythromycin and ciprofloxacin, and trimethoprim, respectively, but were fully susceptible to both teicoplanin and vancomycin. The MSSA isolates were all susceptible to gentamicin, ciprofloxacin and vancomycin, but showed high resistance (rate of about 80%) to penicillin G. Twenty percent of the MSSA isolates were resistant to both tetracycline and trimethoprim.
The majority of the MR-CNS isolates demonstrated varying levels of resistance to most of the antimicrobial agents evaluated, including teicoplanin, ciprofloxacin, penicillin G, trimethoprim, tetracycline and gentamicin. However, resistance to vancomycin was not detected. Antibiotic resistance among the MS-CNS clinical isolates was generally low. However, resistance to penicillin G, gentamicin, trimethoprim and chloramphenicol was observed, while the MS-CNS strains were susceptible to erythromycin, clindamycin, tetracycline, ciprofloxacin, teicoplanin and vancomycin.
Among the PRSP isolates, resistance rates of between 15 and 80% were observed against most of the other antimicrobial agents evaluated, including ceftriaxone, cefotaxime, cefuroxime, trimethoprim, erythromycin and tetracycline. However, all of the S. pneumoniae strains were susceptible to vancomycin.
The enterococcal clinical isolates were found to be multidrug-resistant towards the various antibiotics evaluated, including ampicillin, chloramphenicol, ciprofloxacin, erythromycin, gentamicin, teicoplanin, tetracycline and vancomycin. About 66.6, 16.7 and 16.7% of enterococcal clinical isolates were found to be VSE, VIRE (MIC 8-32 mg/l), and VRE (MIC 132 mg/l) strains, respectively.
Discussion
Antimicrobial resistance continues to pose serious problems worldwide with significant impacts on therapeutic strategies for a variety of bacterial, fungal and protozoal infections [18] . The emergence of bacterial resistance to a variety of antimicrobial agents such as the ß-lactams, aminoglycosides, macrolides, glycopeptides and quinolones among gram-positive bacteria (including staphylococci, enterococci and streptococci) is of much concern because of the lack of effective alternative agents [19] . The continued increase in bacterial infections caused by MRSA, VRE and PRSP is causing significant therapeutic problems. Parenteral vancomycin has been the only reliable treatment option in many cases of serious MRSA infections [20] . However, the recently reported cases of S. aureus with intermediate resistance to vancomycin (MIC 8 mg/l) [9] , first from Japan and then from the United States, have given cause for alarm in the health care community [7] . This situation warranted the urgent search for new, safe and reliable agents for the treatment of infections caused by multidrug-resistant gram-positive pathogens. Therefore, the development and subsequent approval of linezolid for clinical use against gram-positive pathogens is a welcome development.
In the present study, the activity of linezolid was evaluated in comparison to that of vancomycin against selected gram-positive pathogenic bacteria isolated from various infection sites in patients from Kuwait hospitals. All the S. aureus isolates were susceptible to linezolid and vancomycin with MIC ranges of 0.5-4 and 0.5-4 mg/l, respectively (tables 1, 2); these strains were also susceptible to teicoplanin. However, susceptibility testing results indicated that most of the MRSA isolates were also multidrugresistant, including high resistance rates for trimethropin and ciprofloxacin. This underlines the need for a new and effective agent against these isolates. The coagulase-negative staphylococci were also susceptible to linezolid with an MIC range of 1-4 mg/l. As observed for the MRSA isolates, the MR-CNS strains were also resistant to the other antibiotics tested. In general, higher resistance rates to most of the antibiotics were seen amongst MRSA and MR-CNS than amongst MSSA and MS-CNS, a result similar to observations by Henwood et al. [14] on clinical isolates from UK hospitals. Although high resistance rates to most of the antibiotics including cefotaxime (29%), ceftriaxone (52%) and cefuroxime (67%) were observed for PRSP, they were all susceptible to ciprofloxacin and vancomycin and all were inhibited by 0.5-1 and 0.25-0.5 mg/l of linezolid and vancomycin, respectively (tables 1, 2). The PRSP clinical isolates from our study were susceptible to ciprofloxacin. However, a resistance rate of 1.4% for ciprofloxacin against S. pneumoniae and a documentation of a significant increase in antimicrobial resistance with S. pneumoniae in the USA over a period of 5 years was recently reported by Doern et al. [15] .
The prevalence of ciprofloxacin and erythromycin resistance was found to be high among the enterococcal isolates. However, all VSE isolates were inhibited by 1-2 and 0.5-4 mg/l of linezolid and vancomycin, respectively (tables 1, 2). Linezolid inhibited strains of VIRE and multidrug-resistant VRE in vitro at a concentration of 2 mg/l, compared to MIC values of 8 and 6512 mg/l with vancomycin (tables 1, 2).
Overall, the antibacterial activity of linezolid was comparable to that of vancomycin against sensitive and resistant isolates of staphylococci, S. pneumoniae, and VSE from patients in Kuwait hospitals. These results are in agreement with results of other studies that have evaluated the effectiveness of linezolid against resistant grampositive clinical isolates from other countries [14, [21] [22] [23] . Linezolid is a promising new agent active against grampositive clinical isolates, which can serve as a viable alternative in the treatment of serious gram-positive infections that are becoming increasingly intractable.
Conclusion
The antimicrobial activity of linezolid against multidrug-resistant gram-positive bacteria including MRSA, MR-CNS, PRSP, and VSE was comparable to that of vancomycin. However, linezolid clearly demonstrated activity superior to vancomycin against VIRE and VRE strains, thus signifying its potential usefulness in the treatment of infections due to multidrug-resistant gram-positive cocci.
